lthough good sutures cannot make up for poor surgery, poor sutures can let down a good surgeon.
A Until 1970 , only naturally occurring suture materials, such as catgut, silk and cotton, were available. The first synthetic absorbable suture (DexonTM) was introduced in 1970; since then, synthetic absorbable materials have replaced natural substances. This article looks at the choice of suture material that is available to the present-day gynaecologist.
WOUND€EALING
Healing begins as soon as an incision is made, when platelets are activated and release a series of growth factors. Within minutes, the wound displays a nlild inflammatory reaction characterised by the migration of neutrophils which are attracted by degradation products of fibrin and fibrinogen. During this time, and until the proliferative phase of healing begins, wound strength is low. Macrophages peak at 24 hours and produce lactate. This promotes the release of angiogenic endothekal chemo-attractants and increases the rate of collagen synthesis by fibroblasts. By the fifth day, fibroblasts are found in high numbers and the formation of a microcirculation begins. After the second week, although collagen synthesis and angiogenesis are reduced, the pattern of repair is reorganised and the strength of the wound increases, although never to its original level.
Collagen synthesis and lysis are delicately balanced. During the first [12] [13] [14] days the rate at which wound strength increases is the same, irrespective of the type of tissue. Thus, rekatively weak tissues, such as bladder mucosa, may have regained full strength, whereas fascia will only have recovered by 15%. Moreover, it takes three months for an aponeurosis to recover 70% of its strength and it probably never regains its hill strength. 
FACTORS AFFECTING HEALING
Many factors influence healing, including age, nutrition, vascularity, sepsis and hypoxia (. Tuble 2). Some medical conditions, such as diabetes, use of steroids, uraemia, jaundice and anaemia, affect healing adversely. Another factor of relevance to the gynaecologist is the menopause, since it has k e n shown that oestrogen accelerates cutaneous healing by increasing local gromh factors. Postmenopausal women having vaginal surgery are therefore advised to use pre-operative local oestrogen. Cigarette smoking can also affect healing With regard to infection, the main source of contamination is endogenous, with only about 5% of infections being airborne. Most gynaecological operations are clean (&2% rate of infection) or cleadcontaminated when the vagina is incised ( 2 -5 s rate of infection). Other surgical factors in infection include local trauma from excessive retraction, over-zealous diathermy and operations lasting more than two hours.
FEATURES OF SUTURE MATERIALS
The ideal suture niaterial should be easy to handle, maintain good knot security, produce minimal tissue drag and have kasting tensile strength3 It should be non-allergenic and retain its holding power even in the presence of mfection. It should lx absorbed in a predimble way during the wound-healing process. Such a suture does not exist, although some do possess many of these features, The range of sutures available has increased with the advent of synthetic materials that offer superior strength, durability and predictability ( Table 2) .
Gynaecologists have perhaps been slow to use newer materials. despite evidence from the general surgery literature. The requirement for evidence-based decisions in all aspects of clinical practice clearly applies also to suture usage. Moreover, evidence of the use of the product in laboratory and animal studies is equally as important as in . .
the clinical setting because valid clinical studies are often dlfficult to conduct and analyse due to multiple variables. When assessing a suture, the following need to be evaluated:
Tensile strength; this is the force needed to break the suture divided tiy the cross-sectional area and is particularly important in the presence of infection. If an abscess forms, the suture should be removed. InJammatoq~ response: this was thought to lie beneficial (the greater the reaction the better the scar); however, inflammation destroys and weakens tissue, leading to a weaker scar. Euse of handling: this is important and should improve with practice.
~%fernory: this refers to the tendency of a suture to return to its original packaged configuration. Sutures with a strong memory are more difficult to tie and thus may threaten knot security; they should not be pulled hard to straighten. Knot security: this refers to the capacity of a knot to stay tight. Stiffer sutures require more knots, thus creating more inflammation and a larger nidus for infection. 7bickness or calibre. The thinnest possible suture should be used, although heavier threads will be required for tissues under the greatest strain. Tissue drag: this refers to the friction generated as the suture passes through tissue; the smoother the passage. the less the tissue damage. E/usticity is not usually a desirable quality because the suture will tend to stretch over time. Coating: this usually improves tensile strength and handling, giving less tissue drag and better knots.
TYPES OF SUTURES
The sutures that are currently avaiiable are natural o r synthetic, absorbable or non-absorbable, single-filament or braided. A decision as to which suture to use can be made from the scientific data on each suhire and a knowledge of wound healing. The question then is whether each type of suture should be tested clinically by randomised trials before k i n g introduced. Such trials exist for many situations Ixit are not necessady specific to gynaecology.
Natural sutures
Catgut and silk are the only suture materials that are used to any extent in gynaecology.
Catgut
Catgut is made by treating ribbons of sheep small intestine with dilute formaldehyde. Because catgut is a natural substance, it acts as a foreign body and can elicit a severe tissue reaction. It is quickly degraded by the inflammatory reaction but maintains its tensile strength for five days. If treated with chromium salts, so-called chromic catgut becomes stronger and more resistant to absorption. It maintains its tensile strength for 14-21 days, although inarked inflammation still occurs. These problems translate into more wound infections and thus synlhetic sutures are now considered preferable.
Silk
Silk was a popular suture material because of its ease of handling, low memory and ability to form secure knots. However. its capacity to produce intense inflammation and act as a nidu4 for bacterial infection often Absorbable synthetic sutures Pol#aments Sutures made of polyglycolic acid (DexonTkl) and polyglactin (VicrylT") were devised to overcome the shortcomings of catgut. They are virtually identical biologically, are degraded tiy slow hydrolysis and are absorbed at a reliable and constant rate, although with some inflammation. More recent modifications, such as coating the suture, have improved the tensile strength, which is maintained for 15 days. Resopion: however, can take up to 90 days, long after tensile strength has been lost. Knot security is good and is probably better than that of catgut.* The main criticism is that handling is not as good as catgut, although coating has improved this. Dexon-IITM only requires one turn on the first throw during knotting, as the second throw will bring both knots down securely.
MonoJlaments
Polyglyconate (MaxonTM) and polydioxanone (PDSTM) represent a new class of absorbable monofilament sutures. They are similar in properties to the polyfilaments but maintain their tensile strength for longer. Polyglyconate (MaxonTM) is stronger but polydioxanone (PDSTM) retains its strength for longer. 50% of tensile strength remaining at 28 days. A comparative study of the two sutures showed MaxonTkl (polyglyconate) to be superior in lack of tissue drag, tensile strength and first-throw knot holding, although equal in other feature^.^ The suhres of monofilaments are stiffer, with more memory and less knot security than polyfilaments. Knots do not hold well if a double turn is used on the first throw and each knot should be placed flat. This is particularly useful if wound healing is delayed, or for wounds involving fascia because these sutures can support it for more than six weeks. Another suture, Poliglecaprone 25 (MonocrylTblj, has siniilar characteristics but handles better hecause it has less memory; however, it is absorbed more quickly (21) (22) (23) (24) (25) (26) (27) (28) 
days).

Non-absorbable sutures
These are either monofilament or braided. Braided polyester is one of the strongest materials available and is either uncoated (e.g. DacronTM) or coated (e.g. EthibondTV or TiCronTM). It must be removed in the presence o f infection. Nylon is available in braided or monofilament form.
Monofilaments include those made of nylon (e.g. DermalonTM, EthilonT, polypropylene (SurgileneTM, ProleneTM) and polybutester (NovafilTbl). They are strong and only lose 20% of their strength at one year and none thereafter. They produce little tissue reaction but care has to be taken with knots.
Polytetrafluoroethylene (PTFE, Gore-TexTM) is a unique monofilament, non-absorbable suture that is 50?h air by volume. It has a porous microstructure and is incorporated into adjacent structures by connective tissue ingrowth. All other permanent sutures are encapsulated. It can be swaged to needles that closely approximate to the diameter of the needle, thereby decreasing suture-line bleeding. Although mostly used in vascular surgery, its use in reconstructive gynaecological surgery has been described. It has excellent tensile strength and ties well. However, knot security is a problem and at least seven throws are required.
All non-absorbable materials increase the risk of infectioq6 but with appropriate antibiotic prophylaxis this problem should be low, even in vaginal surgery.
CLINICAL SCENARIOS
Abdominal wound closure
Modern sutures are uniform and strong and wound dehiscence will only be due to suture failure in exceptional circumstances, with improper tying of knots or darnage t o the suture by instruments. The suture can cut through if wide enough bites are not taken and if the suture is too tight. Premature loss of strength only occurs with absorbable sutures, especially catgut.
The closure of low transverse incisions is simplified by the fact that they generally heal well, with a low incidence of dehiscence and hernia whatever suture is used. Closure of midline incisions presents more problems. The integrity of any wound is conipletely dependent on the suture until reparative tissue has bridged the wound. First principles therefore indicate that rapidly absorbable sutures will have a greater tendency to fail than non-absorbable sutures. Four well-designed controlled studies have shown that catgut is associated with an unacceptably high risk of evisceration and incisional hernia and should not be used.'-1° Experimental work on rats has shown that mass closure with monofilament nylon significantly reduces the dehiscence rate compared with tiraided suture, as bacteria reside in the interstices of infected multifilament sutures." However, in some patients, removal of suture material will be required due to sinus formation. Delayed absorbable sutures have k e n assessed for abdominal wound closure and it was found that wound dehiscence is similar without the problem of sinus formation.lz A randomised controlled trial of polyglyconate (MaxonTM) versus nylon in 225 patients showed that polyglyconate was as effective at twoyear follow-up. ' 34 Observational data suggest that permanent sutures such as braided polyester ( E t h i b~n d~"~) ,~~ pdypropylene (ProleneTM)36 or PTFE (Gore-TexTM)' give improved results. However, data from hernia repair suggest an increased risk of infection with PTFE compared with monofilament sutcires.3' More data on suture material in pelvic reconstnictive surgery are required.
